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Meningococcal (Neisseria meningitides) septicemia is a feared
diagnosis in febrile infants presenting with a petechial rash.
Despite a good susceptibility to penicillin which usually results in
an assumed bacterial clearance from blood cultures early on;
extensive organ damage often mandates a prolonged period of
aggressive supportive therapy. In this context, overall outcomes
can dependent on speciﬁc, organ-related complications and thus
should be anticipated. In the reported case, a rare sudden occur-
rence of early-onset compartment syndrome of all extremities
highlights muscle ischemia as a possible cause of unresponsive-
ness to intensive care treatment despite assumed bacterial clear-
ance. Among other conclusions, the presented case mandates a
close monitoring of both clinical and laboratory features of muscle
damage as a standard measure of care designed to trigger emer-
gency surgical decision making. Most importantly, we anticipate a
likely signiﬁcant improvement of long-term outcomes based on
the notion of meningococcal sepsis-induced compartment syn-
drome in infants being an under-diagnosed entity.
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We evaluated a rare case of early-onset ‘silent’ compartment syndrome (CS)1 of all extremities in a
5-month-old presenting with meningococcal septicemia (MS).2 Based on insights from the presented
case we suggest CS being a decisive, under-diagnosed pathology responsible for major amputations in
contrast to a prevailing understanding of MS pathophysiology.3
The Case
A 5-month-old girl was admitted with sudden high fever (39.2 C), lip cyanosis, a drop in oxygen
saturation (SaO2 76%), bilateral lung inﬁltrates on chest X-ray and a developing petechial rash.
Aggressive ﬂuid resuscitation, catecholamines and blood products were required. The dynamics of
selected laboratory values are shown in Figure 1. Blood cultures diagnosed Neisseria meningitides
(sensitive to cefotaxime, serotype B, PorA-sequence type 19-2/13-2, FetA-sequence type 3e9). The
patient remained hemodynamically unstable throughout day three, thus arguing against surgery in the
presence of conﬂuent, aseptic skin-purpura. Extremities demonstrated edema soft to palpation, a
symmetric pulse-Doppler of the radial and posterior tibial arteries (ﬂow/velocity: 70e100 cm/s) and an
invasive intra-compartment pressure measurement of 25 mmHg (slightly elevated) on day three. Total
creatine kinase (CK) had risen to 965 U/l, deteriorating to 13.211 U/l on day four with no change in the
clinical and pulse-Doppler examination, thus forcing surgical fasciotomy.
Intra-operatively, fasciotomy on both lower legs and forearms was performed along with decom-
pression of the tarsal and carpal tunnel respectively (Figure 2). All opened compartments demon-
strated macroscopic signs of muscle ischemia and no contractility upon electro-stimulation, especially
in the right lower leg. Pathology exam later conﬁrmed a non-reactive necrosis, thus excluding infec-
tious myositis. Also in the right lower leg, thrombosis of veins alongside the posterior tibial artery was
apparent. Due to small vascular caliber size and extent of thrombosis, thrombectomy using Fogarty-
type catheter was not feasible. Further hallmarks of the clinical time course were (i) a catheteriza-
tion of bilateral pleural effusions on day 2; (ii) an end of circulatory support with catecholamine's on
day 12; (iii) the end of peritoneal dialysis via Tenkhoff-catheter on day 11; (iv) a tracheostomy on day
10 with an end of continuous assisted ventilation on day 13; (v) the end of initial antibiotic therapy on
day 22; (vi) the last surgical intervention to achieve wound closure on day 83 and (vii) a normal cranial
ultrasound exam, brain stem evoked response audiometry (BERA) and EEG >6 weeks post admission.
Discussion
Invasive meningococcal disease has been stated as the most common cause of death in developed
countries such as Britain associated with infectious disease in infants.2 If survived, substantial damage
to various organ systems during the acute clinical phase often result in long-term sequels with a high
individual and socio-economic impact. Together with a wide range of neurological sequels including
hearing loss and psychiatric symptoms; orthopedic complications e.g. amputations aremost common.4
Regarding the latter, the reported incidence of major amputations in various publications5,6 ranges
between 0.25 and 30% (median 4.1%), with major motoric deﬁcits and growth deformities of ex-
tremities not included. Astonishingly, non-traumatic CS of the musculoskeletal system as a compli-
cation during septic disease, conversely to abdominal CS,7 has been only sporadically reported as rare
events.8 Apparently, an understanding of the underlying pathomechanism currently prevails which
underscores ischemic necrosis due to thromboembolic9 events alone, with a focus on superﬁcial skin.10
To our knowledge, only one study reported a case serious of 14 children diagnosed withmeningococcal
septicemia11; of whom ﬁve died and eight required amputation despite performed fasciotomy.
Regarding non-surgical approaches, one retrospective study suggested early on treatment of coagul-
opathy in purpura fulminans with protein C substitution as beneﬁcial in reducing a need for skin
grafting and amputations.6
With a critical eye on the presented casewe see evidence in the literature that, (i) major amputation
in meningococcal disease is likely the consequence of prolonged ‘deep-plane’ ischemia (opposed to
‘superﬁcial-plane’ skin necrosis) due to CS; the latter being (ii) underdiagnosed in a ‘too-little-too-late’
Figure 1. Time course of selected laboratory parameters. Key events such as surgical fasciotomy (blue vertical line) and end of
catecholamine-treatment (green vertical lines) are highlighted. Data suggests a surgical intervention at signiﬁcantly lower CK-values
compared to adults (threshold > 4000e6000 U/l).12 A rise in chloride levels preceded a rise of CK-values and is likely to be indicative
of muscle injury.
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In the presented case, generalized vascular damage with DIC, high volume resuscitation, high dose
catecholamine therapy, or peripheral catheterization are all likely to have contributed to muscle
ischemia due to a combination of thrombotic events and increased compartment pressure. Cardinal
symptoms of CS such as substantial swelling and hardening of muscle compartments, pain or Doppler-
examwere misleading in the presented case. Conversely, a sudden steep rise of CK-values and notably
chloride-levels appeared to be most indicative for diagnosis. However, the initial rise of the CK-value
Figure 2. Macroscopic appearance of meningococcal disease-induced soft tissue damage. Shown: (A) presentation with
conﬂuent petechial areas; (B1-4) Fasciotomy performed on all extremities demonstrated ischemic, are active muscle tissue along
with signs of thrombosis (arrow). (C1-2) Repeated debridement was performed following demarcation of necrotic skin and muscle
tissue (arrows); (D1-3) Minor skin necrosis healed spontaneously through auto-debridement; (E1-4) Wound closure was achieved
without major amputations (day 80).
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threshold levels for CS have been deﬁned. Also problematic in the presented casewas the occurrence of
CS in all four extremities with deﬁnite diagnosis only possible following surgical exploration.
We conclude that CS should always be anticipated at an early stage during meningococcal sepsis in
infants and that surgical decompression should be recommended even under conditions of multi organ
failure and hemodynamic instability, requiring a close coordination of pediatric intensive care and
surgical management. In this respect, we suggest (i) a prolonged elevation >25 mmHg for >6 h of
compartment pressure measurements in adoption to established guidelines in adults13 along with (ii)
even a moderate rise of CK-levels (>500 IU/l) for surgical decisionmaking in order to avoid amputation
and further minimize signiﬁcant long-term functional deﬁcits.
Funding source
No funding was secured for this study.
Financial disclosure
All authors declare no ﬁnancial relationships relevant to this article.
Conﬂicts of interest
All authors have none to declare.
N. Pallua et al. / JPRAS Open 5 (2015) 51e55 55Acknowledgments
None.
References
1. Tollens T, Janzing H, Broos P. The pathophysiology of the acute compartment syndrome. Acta Chir Belg. 1998;98:171e175.
2. Baines PB, Hart CA. Severe meningococcal disease in childhood. Br J Anaesth. 2003;90:72e83.
3. Nolan J, Sinclair R. Review of management of purpura fulminans and two case reports. Br J Anaesth. 2001;86:581e586.
4. Visintin C, Mugglestone MA, Fields EJ, et al. Management of bacterial meningitis and meningococcal septicaemia in children
and young people: summary of NICE guidance. BMJ. 2010;340:c3209.
5. Plotz FB. Importance of follow-up research in children surviving meningococcal septic shock. Crit Care Med. 2008;36:2217.
author reply 17e8.
6. Veldman A, Fischer D, Wong FY, et al. Human protein C concentrate in the treatment of purpura fulminans: a retrospective
analysis of safety and outcome in 94 pediatric patients. Crit Care. 2010;14:R156.
7. Kirkpatrick AW, Roberts DJ, De Waele J, et al. Intra-abdominal hypertension and the abdominal compartment syndrome:
updated consensus deﬁnitions and clinical practice guidelines from the World Society of the Abdominal Compartment
Syndrome. Intensive Care Med. 2013;39:1190e1206.
8. Miedema A, Stubenitsky BM, Jansen NJ, van der Molen AB, van Vught AJ. Improving outcome in meningococcal disease:
don't forget compartment syndrome!. Pediatr Crit Care Med. 2008;9:e20ee22.
9. Betrosian AP, Berlet T, Agarwal B. Purpura fulminans in sepsis. Am J Med Sci. 2006;332:339e345.
10. Mazzone L, Schiestl C. Management of septic skin necroses. Eur J Pediatr Surg. 2013;23:349e358.
11. Davies MS, Nadel S, Habibi P, Levin M, Hunt DM. The orthopaedic management of peripheral ischaemia in meningococcal
septicaemia in children. J Bone Joint Surg Br. 2000;82:383e386.
12. Valdez C, Schroeder E, Amdur R, Pascual J, Sarani B. Serum creatine kinase levels are associated with extremity
compartment syndrome. J Trauma Acute Care Surg. 2013;74:441e445. discussion 45e7.
13. Kosir R, Moore FA, Selby JH, et al. Acute lower extremity compartment syndrome (ALECS) screening protocol in critically ill
trauma patients. J Trauma. 2007;63:268e275.
